1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 



425-637-9312; Jan-12-05 3:51PM; Page 3 



i ! 



i I Remarks 

I . Typing errors were corrected and some corrections were made to improve 

J 5 

rcadaH^ty and easier comprehensiun. 

•1* > 
■ i 

1 2, No new matter is introduced by this amendment. 

» i 
• i * 



Resp^clfully submitted, 

i I 

rikitl Zabtcioglu ^ 




DRAN A. €:RAIM£, P.S. 
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X I 

\ \ 

> 

impa|t-|hock occurs to ihe desktop or to the notebook as the system is running-and this 

'\ " ^ 
'\ \ 

caus<?s tke head to ding as it is called in the field, to the hard disk surface, or sudden power 

> i' 
•\ - 

failut^slresult in head crash, or damage to heads or to surfece. Nevertheless, it is desirable to 

• »• 

have k t|y height as close to the recording media as possible. 

\ |Tie low fly height and increased recording density can be understood from the 

Tollo^ilg first equation that expresses the dependence of the Icngtli of a pulse width PW50 

I ? 

obtaiiie^ from a recording transition on the recording system. 

> i 

PW5H{82+4(d+a)(d+a+.deltaO).s*«P'l/2 (0 

whcf^ I 

g = gitpflength of the recording head 

d = tie distance separating the head and media 

a = S^Mt, delta./! Ic (length of a recording transition) 

■?. »■ 

.delta.=!fihii thickness 

Mr.d&llli. = magnetization-thickness product 

He =5C(Sercivity 

J I 

lliis^qliation was provided by Williams and Comstock in "An Analytical Model of Ihc Write 
Proc|ss|in Digital Magnetic Recording, 17th Annual AJP Conference Proceedings, pan 1, 
No.5; 1^71, pp.738-742, American Institute of Physics. 

] ^Furthermore, disk tangential velocity is greater al outer tracks Ihaui at inner tracks that 

? * 

% 7 

result i| diflerent wind speeds based upon where the slider is positioned. In rotary actuated 

• ^ 

drives, |he slider changes skew angle from inner tracks lo outer tracks. Tlicse differing wind 
specks &nd differing skew angles cause variations In fly height. 

llnvenlion assumes zero disk slippagc-therefore zero variation in track radius by 

\ 4 UEAN A. CHAINE, P.S. 

i 400 - 1 12th Ave. N.G., Sie 140 
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and i4 afso more reliable. 

1 |n accordance with the present invoilion, the above shortcomings of the former hard 

■i i 

disk <lri|e actuator arm system, is effectively overcome by a double integrated actuator arm- 
jjuspebslo" assembly thai moves upon a sialiunary micro-rail Transducer head read/write 
head|;d|noled R/W hereinafter) height is based on a continuous contact pad assisted constant 

J: I 

fly height that has a unique parking method. 

1 II is an objective of the invention to provide a system can be applied to ail form 
facto|s,lwhere it would be proportionally smaller and fit into a small formatted box storage 
capa<lit|, such as form factor 2.5 inch or 1 .8 inch, 1 inch or even special application .smaller 
drivc^, ho that same system can be applied on a variety of systems as notebooks and laptcips, 
and fpr lspecial purpose applications-such as m special vehicles as in air crafts, space crafts 

and t|ie|like-of very small form fectors-sincc small form factor is correlated to better shock 

i ^ 
resisivfty . 

I It is an object of the invention to have a multiple number of R/W heads feature llial 
woulH |c possible and compatible with the high speed chips and processors. 

i it is an object of the invention to provide a system that has a logic that divides the 

toul kria of the disk to four quadrants with respect to an instant in time and tlie ability to 

.1 * 

havc|cqncurrent access to two quadrants al an instant. An instant in time is to be understood 
as a f ei^y short period in time between 1 ms to 5 ms. Tlius it is based on an insuint.in time as 
corrdaled lo the relative positions of the two pair of actuators and their concurrent access 



wilh lre^pect to time. 

[ Irhe system consists of at least; a. one platter; b. Spindle, c. Dual actuator arm 

1 I 

asseiibly that are made of two actuator arm members; d. at least one analog voice coil motor- 

1 \ 10 UI!.AN A. CRAINK, r..^. 

i I 400 » 1 12ih Ave. N.E., Sle. 140 

I Bdlcvuc, WA 98004 

1212005 5:29:53 PM [Eastern Standard Time] ' SVR:USPT0{FXRF-1/1 ' DNIS:8729306 ' CSID:425-637-9312 * DURATION ^m-ss):04-26 



I 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 



425-637-9312; Jan-12-05 3:52PM; Page 6 



11 

I 1 DESCRIPTION OF THE PREFERRED EMBODIMENT 

J I 

] llie system of this invcniion can be described by the following formula: 

-i I 

The i lis to S ms it takes for the concurrent full stroke access to a set of uninterrupted 
data bricks and sectors on two quadrants of disk area = (in every V4 n radians per one 

i \ 
■ >. •<• 

revolulion of disk) X 2 (on two quadrants) X 4(by two pairs) X 2 (on both sides of the 

^ \ 

Duml^el- of units of platters.) (2) 

fWiCh reference to figure 1 , the prior art has a rotating disk 1 0 and carriage arm 

■* 

1 Oc, wh^re the transducer head 1 Ob moves along a path 1 Oa. At that instant the transducer 

headUdb can only access traciis thai are on quarter lOd. Iracks on quadrant areas lOe, lOf 

'.I i 

and ipi arc not accessible by the straight-arm actuator 10c at that instant in time. For 
cxan^plfe for any track on quarter area I Og to be accessible by transducer head 10b» the disk 
1 0 iTi^s;! ^^^^ "i^iny ^^^^ revolutions than one single revolution or less than one revolution 

• s r 

and 4v€b then tlie carriage arm 1 Oc has to make many swinging motions on the path 10a until 
the dbsi^ track becomes accessible. The back and tbrth motions-direction reversals also 
involvef vibrations as is indicated by lOh. 

I ^ith reference to figure 2, the wing shaped dual actuation arm assembly 13 and 14 

•I i. 

are a|)l4 lo reach concurrently two differcnt quadrants 20 and 21 respectively of the disk 33. 

I i 

The fcfirence center line C divides the half of disk 33 area further into two equal halves to 

r. * 

• > j» 

indi^^tl the limit that one of the pair member that reaches the inner reach border of actuator 
13, ti|af is, it shows the inner limit of the distance 17a that one of the pair member of wing 

•:; ;> 

shap|d|actuation-carriage arm 1 3 moves within the Yi quarter area, Yi of the radius of disk 33. 
Siniilai'ly the inner actuator member 14 moves within limited distance 1 8. Wing shaped dual 

I ! 

aetu^on arm assembly structure 13 is moved by a linear analog voice coil motor 12 and 

\ t 400-1 12lh Ave. N.K., Stc. 140 

I \ Bctlcvuc, WA 98004 
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I \ 

V J. 

? I 
1 t 

X I 

wingbl^pcd dual actualion assembly sirucuiTC 14 is moved by a second linear analog voice 
coil moior 1 1 linearly, by moving the connection and mover member 1 .^e (see fig. 7). When 
Ihe vslng shaped actuators arms 13 and 14 are positioned on diftcrent circumferential areas, a 
set o|a|jacent multiple number of tracks 22 and 23 become accessible for R/W functions. 
ThesI itultiple number of tracks 22 and 23 can reach R/W heads 26a with only less than one 

i i 

revolLiit>n of the disk 33. Furthermore, smce the wing shaped geometry of actuators-carriage 
armsh i and 14 each have a length that extends as an arc like shape along the concentric 

track| cff the disk 33 and conform to the track curvaturcs-arcs 22 and 23, not only a multitude 

•\ \ 

of tr^^kli 22 and 23 are reached concurrently, but also many complete sectors in a row 22c 

and :^3ci pass under the continuous-uninterrupted reach of the R/W heads 26a for a longer 

■I I 

time4 lihcrcfore, many complete sectors can be identified instantly-instead of scquentially-as 

in th^ skial data transfer scheme. Sector interleaves and head skew would become more 

J I 

ene4i^& and efficient. A very last inpu^output bus and large buffer in RAM would be 
need|dlror this system, 'f rack 22a is the outer most border between inner most tracks and the 
outet^trficks-that divides 1/2 of the radius of the disk to two halves, upon which actuators 13 
and i 4 kove. Boixler tracks 22a of fig, 2 and the inner non-data zone 22d of fig. 14 arc 
locat^dfadjaccnt to each other. Those skilled in the art will recognize that the complete hard 
diskie|lor$ 22c and 23c depicted arc not drawn to scale in 110.2 , but arc rather depicted as 
muci tlicker lines for visual clarity. 

i plcfcrring to figure 2-upper right quadrant 21 , the cutaway view of the multiple R/W 

headb ifea shows how the R/W heads 26a arc in a series below the wings of the wing shaped 

i i 

duai^cbator-carriage arm 14, and face the disk surface 33a. The disks 33 and 34 are turned 

i k 

by a spindle moUn* 32. 

j I 19 DEAN A. TRAIN E.P.S. 

i I 400- 1 n\h Ave N.K., Sic. 140 

I ? BcUcvuc, WA 98004 
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i V^ith reference to figure 3, the two pairs of wing shaped actuator-carriage arms and 
suspei^lns 1 3 and 14 cover two quadrants 20 and 21 of the disk 33 area concurrently and 

i ^ 

can in4v| independently. Data track 23a is one set of innermost tracks of the outer most sei 

•i t 

of tracksl that are located on the ouiur 1/2 area of the disk 33. Similarly data track 22b is one 

i r. 
> *• 

set of IhJ inner most tracks that are within the inner 1/2 area of disk 33. The limited 

desigimtld distances 17 and 1 7a are assigned to each actuator members of the pair actuator 

J I 

13. similarly, the actuator pairs 14 move within the designated limited distances of 1 8 and 

i I 

] 8a. T hi opposite quadrants 20 and 2 1 that the pair of actuators 1 3 and 1 4 limction upon, arc 
the ai4a4over which the system has concurrent R/W capability. Pair actuator arms and 
suspension 13 moves on linear stationary micro-rail 16. Similarly, the pair of actuator ami 
and sttep^nsion 14 moves on linear stationary micro-rail 1 5. Also shown is one of the 

flexible |)rinted circuit (FPC) electronic wiring 13c and 1 3d connection that connects wiring 

1 I 

13a textile drive electronics board. 

J >|/ith reference to figure 4, depicted in perspective view arc both pairs of wing shaped 
actuat|>rl-carriage arms 13 and 1 4 that move upon the stationary micro-rails 1 6 and 15 
respe4ti|ely. This pair of actuator arms 1 3 enables access to two ditferent quadrant areas 20 

and 21 c|f the disks 33 and 34 concurrently. Due to the pair of actuators 13 and 14, a 

•I I 

multiiide nimiber of inner tracks 22 and a multitude number of outer tracks 23 arc 

■f. I 

read/^rlten concurrently with only 1/2 of a revolution of the disk 33 and 34. The flexible 
print4l lircuit (FPC) electronic wiring board 1 3c and 1 3d that have a wiring pattern that have 
signal li j^es that connect the wing shaped actuator-carriage arms 1 3 and the actuator pair 
belo4 f|r the second platter 3^ 13a and R/W heads 26, 27, 28, 26a, 27a/28a (all not shown) 
10 thefdlive electronics board. The identical and paralJel reference center lines C indicate 

I I 20 |>KAN ^, CRAINE, P.S. 

i I 400 - I J2lh Ave. N.K., Site. 1 40 

I ? Bcllcvuc. WA 9R004 

'I I (425)6370035 
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the i|m|r limit of the outer actuator 13^nc member of the pairs of actuator 13 ihat is over the 
oute^ l|2 tracks-of the disk 33, this is the inner limit reaching border for the outer one of the 
actuijtoi ^^'^ applies fbractuaigr arm assembly pair 14. 

j |iVith reference la figure 5, depicted is a partial side clevationai view of the disk of 
the t4«)|plattcrs 33 and 34 and the R/W heads 26, 27, 28 and their single continuous contact 
pad s|rslem (not shown in this drawing) per each one R/W head 26-43, 27-43, 28-43, that 
movc|li|>early on the stationary micm-rails 1 6 and 16a and 16b, by analog voice coil actuator 

■ i I 

moio|5 12, 12a and 1 2b, that also have a digital mode-which enables a fast skip function of 
data t|a4lcs 22, 22a, 23 (please see Fig. 2). The half of the disks of 33 and 34 arc further 
divid^ )nto two identical and parallel to each other reference center-lines C to be indicative 
of thc[li|nits of the distance that one of the outer of the pair of the actuator-carriage arm 
systei^ ijioves. These R/W heads 26, 27, 28 are able to rcad/write on disks 33 and 34 
surfacfw|33a, 33b and 34a and 34b concurrently. The spindle niotor 32 of the double platter 
syster^ is seen at left. Ths stationary micro-rails 1 6, 16a and 1 6b covct one of the quadrant 

' ? 

areas 20|of the two disks 33, 34 with both surfaces 33a, 33h and 34a and 34b being read and 

I I 

writtef lijon. Note, not shown arc the same components that arc at the other half-quaner of 
the di% |3, (left side of figure 5,) for actuator-carriage arm 14 and JVW heads 26a, 27a, and 
28a ai^ |ieir single conUnuous contacts pads 43. The micro-rail 1 5 covers the other half area 
ofthe^i^ 33. 

I With reference to figure 6, the wing shaped actuation-carriage arms 13 and 14 are 

i I 

able topi^h concurrently two diflcient quadrants 20 and 21 of the disk area, when these are 
in a sy|i4etrical positioning-as depicted. When the wing shaped actuators 13 and 14 arc 
positio|ie| symmetrically on the same opposite concentric areas, a ^jet of multiple tracks 24 

I I 21 



DEAN A, CRAINK, P.S. 
400 - I I2ih Ave N.E., .Ste. 14<) 
Bdllwiic, WA <>8(X>4 



PAGE 9/1 r RCVD AT 1112/2005 5:29:53 PM [Eastern Standard Time] ' SVR:USPTO{FX^^^^^ 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

n 

12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 



425-637-9312; Jan-12-05 3:53PM; Page 10/11 

I i 



and ib iecomes accessible, this mulliple number of tracks 24 and 25 reach R/W heads with 

,f .t 
i •• 

only i/iof arcvolutioiL The flexible printed circuit (FPC) board 13c and 13d and 14c and 
14d 4e<ltronics wiring-signal connection to said wing shaped actuators 13 und 14 lhat 
conn|ct|aclualor and R/W heads 26, 27, 28 of actuator pair 13, and 26a, 27a, 28a of actuator 
pair 14 |not shown-sce drawings 2^5,7) respectively to the drive electronics board. R/W 
heads 2f through 28a are not shown in this drawing, R/W heads 26a through 28a arc the 
counferfpart R/W heads of actuator-carriage arm 14 that is fivr quadrant 21. 

I With relerence to figure 7, the wing shaped actuator-carriage arm 14 with the cutaway 
view^ffthe R/W heads 26a lhat fly over disk surface 33a, wliere a set of multiple track*? 22 

i * 

and ^rclw of complete-uninterrupted hard disk sectors 22c come under the R/W heads 26a-as 

1 I 

the h^is 26a need not to be reposiiioncd very frequently. 

\ With reference to figure 8, the inner side wing shaped actuator-carriage arm and 
susp^ndion 1 3 can move linearly on the stationary micro-rail 1 6 towards and away from the 

i r 

cent^ df the disk surfiice 33a atkl thereby the R/W heads 26 of actuator 13, that fly over the 

disk iu^acc 33a arc capable to read/write on a set of multiple adjacent tracks 22, 

■i a. 

>. f 

conc^utfjntly. The disks 33 and 34 arc turned by spindle motor 32, 

\ With reference to figures 9A and 9B, in sectional view, the transducer head 35 of the 

?. .1 

I t 

priofUil has a wider head width gap 36 and greater head area 36a as compared to the 

.k i 

invc4ti^n transducer head width gap 37 and invention transducer area 37a. The fly height 39 
of ihk il^vention R/W head 26 is higher by only few microns-and has continuous contact pad§ 
43-w|ie|*e fly height of transducer 26 parts are only few microns higher than the lowest fly 

. 'i >. 

hcigiit Applied in the state of the art drives in this indu.stry. In order to reduce the area ofthc 
n-ansili|:ers, so that overall dynamic friction is reduced, the uransducer head 26 of llie 

l i 22 DEAN A, CltAINH, P.S. 
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arcs (|t ihc set of adjacent data trades 23. 

j '^ith reference to figure 17, this shows the partial plan view of actuator arm 1 3, with 

•t- I" 

the civk plate of actuator completely removed-showing the multiple K/W heads 26 of the 

•7 i 

arc like^formation, lhal ccmforni to Ihc data tracks 23. Thereby, this drawing shows the 

■ \ y 
^ >. 

micr^-^f^tuation function of the integrated wing shaped actuator arm 1 3 member of the dual 

I I 

aclu4o| arm assembly with respect to the adjacent tracks. When R/W heads 26 and thin pads 

43 nii)vb iirom track origin O to track T7 the actuator 1 3 enables access to data tracks 23 by 

? \ 

movih^ionly a distance D.sub.o and R/W heads 26 are able to reach a set of points on track 

T7 'di a|funclion of the linear-adjacent track to track movement of the actuator and T7.sub.a, 

i t 

shovsls 0oncvirrcnt access of the arc section and continuous sector access component of the 

:M . 

data |ra|:ks due to the curved shape of the actuator itsel f-, where the limit on irmer tracks is 

■ i I- 

indic^tild by tangent reference line D.sub.r., that is the border of maximized reach due to the 

:i J. 

arc likefgcometric shape of actuator 13. The group of adjacent tracks are depicted as 23. 
Distskt^ moved D.sub.o makes this distance to be multiplied and to be equal to 
D.pr&i|.&ub.o. As an example to adjacent tracks 23; actuator 13 makes distance D.sub.o to 

.1 y 

be ec^ixji to the micro distance Dl7,with respect to the data tracks that are adjacent and can be 

•I I 

acce^e|i concurrently. 

I ^ith reference to figure 1 8, it is a plan view of the prior art straight arm actuator 10c 

that ikii^t swing over a distance dsub.p, as compared to the much shorter distance of tlie 

i I 

inve4tidn d.sub.o, that actuator 1 3 of the invention covers for an identical distance in terms of 

'. *■ 

the nlmlber of adjacent tracks-from track origin O to irack 17. The D.prime.o of figure 17 

cquds &i distance to D.sub.p in figure 18. 

'•■ *. 

i fWith reference to Iigure 1 9, it is the side sectional elevation view of the continuous 

1 I 25 
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